Abstract-In contrast to existing methods which do not take into account multiconnectivity in a broad sense of this term, we develop mathematical models and highly effective combination (BIEM and FDM) numerical methods of calculation of stationary and quasistationary temperature field of a profile part of a blade with convective cooling (from the point of view of realization on PC). The theoretical substantiation of these methods is proved by appropriate theorems. For it, converging quadrature processes have been developed and the estimations of errors in the terms of A.Ziqmound continuity modules have been received. For visualization of profiles are used: the method of the least squares with automatic conjecture, device spline, smooth replenishment and neural nets. Boundary conditions of heat exchange are determined from the solution of the corresponding integral equations and empirical relationships. The reliability of designed methods is proved by calculation and experimental investigations heat and hydraulic characteristics of the gas turbine first stage nozzle blade 
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where  , v c and  -accordingly material density, thermal capacity, and heat conduction; v q -internal source or drain of heat, and T -is required temperature.
Research has established that the temperature condition of the blade profile part with radial cooling channels can be determined as two-dimensional [2] . Besides, if to suppose constancy of physical properties and absence of internal sources (drains) of heat, then the temperature field under fixed conditions will depend only on the skew shape and on the temperature distribution on the skew boundaries. In this case, (1) will look like:
When determining particular temperature fields in gas turbine elements are used boundary conditions of the third kind, describing heat exchange between the skew field and the environment (on the basis of a hypothesis of a NewtonRiemann). In that case, these boundary conditions will be recorded as follows:
Equation (4) characterizes the quantity of heat transmitted by convection from gas to unit of a surface of a blade and assigned by heat conduction in a skew field of a blade.
Equation (4) Let us consider BIEM application for the solution of problem (2)- (4).
The function
, continuous with the derivatives up to the second order, satisfying the Laplace equation in considered area, including and its outline
Consequence of the Grin integral formula for the researched harmonic function
where R -variable at an integration of the distance between point   y x K , and "running" on the outline k -point; Г Ttemperature on the outline Г . The temperature value in some point k lying on the boundary is determined (as limiting at approach of point   y x K , to the boundary)
With allowance of the boundary conditions (2)-(3), after collecting terms of terms and input of new factors, the ratio (6) can be presented as a linear algebraic equation, computed for the point R :
where n is the quantity of sites of a partition of an outside outline of a blade From a ratio (7), we shall receive the required temperature for any point, using (5):
where
by a many discrete point and integrals that are included in the equations as logarithmic potentials, was calculated approximately with the following ratios:
(where
IV. NEW INTERPRETATION OF THE BIEM
In contrast to [4] , we offer to decide the given boundary value problem (2)- (4) as follows. We locate the distribution of temperature
as follows: 
Using BIEM and (11) we shall put problem (2)-(4) to the following system of boundary integral equations:
For the singular integral operator evaluation, which are included in (12) (12) by using the discrete double layer potential operator (its properties has been studied), has unique solution 
-two-parameter quadrature formula (depending on and  parameters) for logarithmic double layer potential
is a module of a continuity of functions f;
-two-parameter quadrature formula (depending on  and  parameters) for logarithmic potential simple layer; 
V. SOLUTION TECHNIQUE OF DIRECT AND INVERSE PROBLEMS
OF HEAT CONDUCTIVITY The given calculating technique of the blade temperature field can be applied also to blades with the plug-in deflector. On consideration blades with deflectors in addition to boundary condition of the III kind adjoin also interfaces conditions between segments of the outline partition as equalities of temperatures and heat flows
where  -number of segments of the outline partition of the blade cross-section; x, y-coordinates of segments. At finding of cooler T best values, is necessary to solve the inverse problem of heat conduction. For it is necessary at first to find solution of the heat conduction direct problem with boundary condition of the III kind from a gas leg and boundary conditions I kinds from a cooling air leg
where 0 i T -the unknown optimum temperature of a wall of a blade from a leg of a cooling air.
VI. APPLICATION OF BIEM TO QUASISTATIONARY PROBLEMS
OF HEAT CONDUCTIVITY The developed technique for the numerical solution of stationary task of the heat conduction in cooled blades can be distributed also to quasistationary case.
Let us consider a third boundary-value problem for the heat conduction quasilines equation:
For linearization of tasks (16), (17) we shall use the Kirchhoff permutation:
Then (16) 
For preserving convection additives in boundary-value condition (17), we shall accept in initial approximation 
And the regional condition (17) will be transformed as:
So, the stationary problem (19) with (21) is solved by 
This corresponds to the   T  which is the multinomial with degree non-above third. In the result, the temperature field will be determined on the first approximation, as the boundary condition (17) T is determined by the solution of (20). The multiples computing experiments with the using BIEM for calculation the temperature fields of nozzle and working blades with various amount and disposition of cooling channels, having a complex configuration, is showed, that for practical calculations in this approach, offered by us, the discretization of the integrations areas can be conducted with smaller quantity of discrete points. Thus the reactivity of the algorithms developed and accuracy of evaluations is increased. The accuracy of temperatures calculation, required consumption of the cooling air, heat flows, losses from cooling margins essentially depends on reliability of boundary conditions, included in calculation of heat exchange.
VII. PROFILING OF COOLED BLADES
Piece-polynomial smoothing of cooled gas-turbine blade structures with automatic conjecture is considered: the method of the least squares, device spline, smooth replenishment, and neural nets are used.
Let the equation of the cooled blade outline segments is the third degree polynomial:
The equation of measurements of the output coordinate has a kind:
where Zy=║z 1y , z 2y , …, z ny ║ T -vector of measurements of output coordinate, n-amount of the points in the consideration interval. For coefficients of polynomial (23) estimate the method of the least squares of the following kind is used 
e=(N-1)(n-L); L-number points of overlapping.
Equations (27)- (29) describe communications, which provide joining of segments of interpolation on function with first and second degrees.
Taking into account the accuracy of measurements, the problem of defining unknown coefficients of the model in this case can be formulated as a problem conditional extremum: minimization of the quadratic form (Z y -X) 
Substituting matrixes A and Х and vectors Z y and V in (25), (26), (30), and (31), we receive estimations of the vector of coefficients for segment of the cooled blade section with number N and also the dispersing matrix of errors.
As a result of consecutive application of the described procedure and with using of experimental data, we shall receive peace-polynomial interpolation of the researched segments with automatic conjecture.
Research showed that optimum overlapping in most cases is the 50%-overlapping. Besides peace-polynomial regression exist interpolation splines which represent polynomial (low odd degrees -third, fifth), subordinated to the condition of function and derivatives (first and second in case of cubic spline) continuity in common points of the next segments.
If the equation of the cooled gas-turbine blades profile is described cubic spline submitted in obvious polynomial kind (23), the coefficients а 0 , а 1 , а 2 , а 3 determining j-th spline, i.e. line connecting the points Z j =(x j , y j ) and Z j+1 =(x j+1 , y j+1 ), are calculating as follows:
where h j+1 =z j+1 -z j , j= 1 , 1  N . Let us consider other way smooth replenishment of the cooled gas-turbine blade profile on the precisely measured meaning of coordinates in final system of discrete points, distinguishing from spline-function method and also from the point of view of effective realization on computers.
Let equation cooled blades profile segments are described by the multinomial of the third degree of the type (23). By taking advantage the smooth replenishment method (conditions of function smooth and first derivative are carried out) we shall define its coefficients:
If it's required carry out conditions of function smooth first and second derivatives, i.e. corresponding to cubic splines smooth, we shall deal with the multinomial of the fifth degree (degree of the multinomial is equal 2S + 1, i.e. S = 2).
The advantage of such approach (smooth replenishment) is that it's not necessary to solve system of the linear algebraic equations, as in case of the spline application, though the degree of the multinomial is higher 2.
Let us consider new approach of profiles mathematical models' parameters identification. This approach is based on Neural Networks (Soft Computing) [7] - [9] . Let us consider the regression equations: 
If for all training pairs, deviation value Е less given then training (correction) parameters of a network comes to end (Fig 1) . In opposite case it continues until value Е will not reach minimum.
Correction of network parameters for left and right part is carried out as follows: 
VIII. DEFINITION OF HEAT EXCHANGE BOUNDARY CONDITIONS
For determining of the temperature fields of AGTE elements, the problem of gas flow distribution on blades' profile of the turbine cascade is considered. The solution is based on the numerical realization of the Fredholm boundary integrated equation II kind.
On the basis of the theory of the potential flow of cascades, distribution of speed along the profile contour can be found by solving of the following integrated equation [10] : 
The data of speed distribution along the profile contour are incoming for determining outer boundary heat exchange conditions.
The method for finding the local heat transfer coefficient г  in this case is given in [4] .
At the thickened entrance edges characteristic of cooled gas vanes, the outer local heat exchange is described by empirical dependences offered by [4] : repeated and polivariant calculations, on the basis of which has been offered the way of blade cooling system modernization. The application of perfect methods of calculation of temperature fields of elements of gas turbines is one of the actual problems of gas turbine engines design. The efficiency of these methods are in the total influences to operational manufacturability, reliability of engine elements design, and on acceleration characteristics of the engine. 
